Objective: Capillary hemangioma is a benign vascular malformation that is usually encountered in soft-tissue. Rarely, it may occur in the neuraxis, and spinal capillary hemangioma (SCH) is a rare variant of it. Existing literature on SCH is limited because of its rarity. As a result, epidemiological and clinical characteristics as well as management strategy for SCH are still lacking. Here, we present a report on five patients with pathologically proven SCH, treated in Beijing Tiantan Hospital between 2013 and 2015. Methods: Patients' age, gender, clinical manifestations, radiological features, operative methods, and surgical outcomes were retrospectively reviewed, and an updated review of the literature was also provided. Results: Four patients were men and one was a woman, with a median age at presentation of 43 years (range: 15-66 years). Two lesions were intramedullary, two epidural, and one intradural extramedullary. The thoracic segment was most commonly affected (n = 3, 60%), followed by the cervical (n = 1, 20%) and lumbar (n = 1, 20%) segments. Common symptoms, in descending order, were numbness and paresthesia, limb weakness, and pain. The surgical procedure was successfully performed with total resection of the tumor achieved in 4 patients and subtotal in 1 patient. During an average follow-up period of 32 months (range: 27-43 months), recovery of the clinical symptoms was observed in all five patients. Conclusions: SCH is a rare benign vascular disease, for which surgical resection of the lesion, by the en bloc method, is recommended. Clinically, it usually manifests with progressive myelopathy, but early surgical intervention usually produces good results and may prevent permanent neurological deficits.
Historical mistakes
Hemangiomas usually occur in the superficial cutaneous and mucosal tissues of the head and neck [1] [2] [3] . Within the confined space of the spinal cord, the prevalence of this disease is extremely low, with cavernous hemangiomas being the major occurring type. In contrast, spinal capillary hemangioma (SCH) is scarcely encountered clinically, and intradural extramedullary space is the most commonly affected location, followed by the intramedullary and epidural sites of the spinal cord [2] [3] [4] [5] . Histologically, its typical characteristic is a vascular entity composed of nodules of capillary-sized vessels lined by flattened endothelium cells [4] .
To date, due to the rarity of the disease, only some cases of SCH have been reported in separate case reports, all described according to lesion location (intramedullary, intradural extramedullary, and epidural) [1] [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] [13] . Thus, the incidence, demographic characteristics, radiological features, and treatment outcomes of SCH remain difficult to appreciate via these individual reports. Therefore, with this study, we aim to summarize and clarify the features of the disease. We evaluate the clinical features and surgical outcomes in a single institutional case, and summarize the reports of these rare cases presented in previous studies.
Material and methods
From August 2013 to August 2015, five consecutive patients with SCH were surgically treated in our department and were enrolled in this study. Patients' data, including gender, age, symptoms, radiological features, therapeutic intervention, and surgical outcomes, were electronically retrieved and reviewed retrospectively with the approval of the Institutional Review Board (IRB) of Beijing Tiantan Hospital.
Symptomatic patients undergoing clinical evaluation after spinal cord magnetic resonance imaging (MRI) were considered eligible for surgical intervention. The relevant clinical and treatment-related parameters are summarized in Table 1 . The modified McCormick scale (MMS) was used to evaluate the neurological function pre-and postoperatively [14] . All patients were routinely followed in the outpatient department at 3 and 6 months after discharge, and one year thereafter either by telephone or through visit to the clinic. Clinical outcomes and neuroimaging changes were evaluated and compared with baseline presentations.
Results

Baseline characteristics
Four men and one woman with a median age of 43 years (range: 15-66 years) participated in the study. The duration of symptoms varied from 4 days to 11 months, with a median of 4 months. Neurological examination on admission revealed the common clinical manifestations of the disease, including numbness and paresthesia (n = 4, 80.0%), back pain (n = 2, 40.0%), and leg weakness (n = 2, 40.0%).
Spinal MRI demonstrated that the most predominant affected spinal level was the thoracic (n = 3, 60.0%), followed by the cervical (n = 1, 20.0%) and the lumbar (n = 1, 20.0%). Two patients had intramedullary lesions, another two epidural, and one patient had an intradural extramedullary lesion. None of the lesions extended into the intervertebral foramen. On T1weighted images, the masses were isointense or heterogeneously isointense, and on T2-weighted images, the masses were hyperintense, mildly hyper- intense, or heterogeneously isointense. In all 5 cases, the tumors were enhanced homogeneously or heterogeneously after Gd-DTPA administration (2 were strongly enhanced). Based on preoperative MRI, all patients had been misdiagnosed with intramedullary ependymomas (n = 1), hemangioblastomas (n = 2), or intradural extramedullary neurinomas (n = 2).
Surgical details and clinical outcomes
After careful evaluation, all patients were symptomatic and were microsurgically operated via a posterior midline approach. Four laminectomies, one hemi-laminectomy, and two myelotomies were performed after dural opening for intramedullary exploration. These lesions are usually well-demarcated, dark red or purplish red, and soft, with rich-blood supply. In two patients, the epidural masses were found attached to the inner surface of the dura mater and were removed by the en bloc method. In one patient, the lesion was detected after dural opening and was attached tightly to the cauda equine. Therefore, one of the nerve roots had to be sacrificed to achieve enough exposure and total resection of the tumor. In two patients, intramedullary entities were found after myelotomy and were removed without much difficulty. Total resection was achieved in 4 patients and subtotal resection in one patient. This was due to vigorous bleeding, because the tumor was found to adhere tightly onto the surrounding tissue without having a clear border and affecting the vertebral bone. Histological examination by hematoxylin and eosin staining (HE) demonstrated that the tumors were characterized by the proliferation of capillary-sized blood vessels lined by simple endothelium (Figure 1) .
No procedure-related complications were observed, and all the patients demonstrated improvement compared to the preoperative baseline, specifically regarding the relief of pain and numbness. Spinal MRI obtained within 7 days and in follow-up periods was carefully examined, and no hemorrhage or regrowth of the lesions was observed. Pain had completely resolved, and symptoms such as weakness and sensory deficits were significantly relieved during an average followup period of 32 months (range: 20-43 months). None of the patients experienced neurological symptoms or showed radiological progression, including the patient in whom the lesion was only partially removed. 
Illustrative case
A 21-year-old male patient complained of low back pain and bilateral lower limb pain for five months. His symptoms became worse in the last month. Preoperative MRI demonstrated an intradural mass at the level of L3 on the dorsal side, that was isointense on T1-and T2-weighted images, and homogeneously enhanced after intravenous gadolinium administration (Figure 2) . The lesion was measured 14 mm×12 mm× 14 mm in size on MRI imaging. A preoperative diagnosis of meningioma was made based on the radiological features. Neurological examination on admission showed no numbness in either lower limb and normal muscle tone.
The patient underwent an L2-4 laminectomy, and a red hemorrhagic intramedullary mass was observed. The lesion was rich in vasculature in the process of dissection, but its complete removal was achieved with only 50 mL blood loss. A postoperative MRI examination showed no hemorrhage and no residual parts of the lesion (Figure 3) . The histopathological examination revealed a typical feature of capillary hemangioma with proliferation of capillary-sized vessels. The capillary hemangioma was positive for CD34, while Ki-67 immunoreactivity was 20%. The patient experienced a good postoperative course, with no neurological deficits. At the last follow-up examination, the patient was stable without any dysfunctions.
Discussion
Demographic characteristics
According to microscopic examination, hemangiomas occurring in the neuroaxis are categorized into capillary, cavernous, or mixed, with cavernous ones being the major pathological subtype and intradural extramedullary being the most affected spinal location [2, 3, 5, 15] . SCH is considered to be a rare congenital disease. To the best of our knowledge, only 65 cases have been reported previously (37 intradural extramedullary, 19 intramedullary, and 9 epidural), mainly in the case report format [2-7, 9-13, 16] .
In previous published reports, the median age at presentation was 49 years, ranging from 18 to 74 years, and 3 or 7 months in rare conditions. The men to women ratio was 42:19 for the 61 gender-specified patients, suggesting a potential predominance of the disease in men (64.6%, Table 2 ) [2] [3] [4] [5] 7] . Our cohort consisted of four men (80%) and one woman with median age of 43 years (range 15-66 years). Our results are consistent with reported cases in the literature. Lesions predominately occurred in the thoracic cord (58.5%) but also in the lumbar segment (conus medullaris) (38.5%), and cervicothoracic junction in rare conditions, and mostly involved 1-2 vertebral segments [2, 3, 5, 11] .
Clinically, SCH usually behaves as a space-occupying condition, because of the mass effect of the lesion and the resulting nerve root irritation, depending on the lesion's spinal localization. Thus, the clinical presentations include chronic progressive radiculopathy or myelopathy, characterized by sensory, motor, or sphincter dysfunction [2, 9, 11, 12] . However, pain is the most common initial symptom in patients with SCH (63.1%), followed by weakness (41.5%), sensory problems (23.1%), and sphincter disorders (10.8%) ( Table 2 ). The duration of illness is usually long, and the symptom onset varies from one to 36 months with a median of 6 months [2, 9, 11, 12] . The duration of symptoms in the intramedullary tumors is longer than epidural tumors [11] .
Radiological features and differential diagnosis
On preoperative spinal cord MRI, the signal intensity relative to the spinal cord, usually tends to be iso-or hypointense on T1-weighted images and hyperintense on T2-weighted images. Further it shows homogeneous, strong enhancement on contrast-enhanced T1-weighted images after injection of the contrast material [2, 4, 11, 17] . When the lesions are located in the epidural or intradural extramedullary space, they tend to be in the dorsal part of the spinal cord and the patients usually present with clinical signs of myelopathy. When they are located in the intramedullary or the ventral epidural space, they tend to trigger radiculopathy [11] , thus, clinically and radiologically mimicking the presence of disk herniation. However, these are not specified radiological features. On exceedingly rare occasions, epidural SCH may be dumbbell-shaped, and thus has a tendency to behave like other dumbbell-shaped tumors [2] . SCH occurs, although very rarely, at different levels of the spinal cord, from the cervical cord to the cauda equina, regardless of its association to the dura and the neuraxis. As summarized in previous reports, the thoracic segment is the predominant location, with 38 (58.5%) cases presented in previous reports and three (60%) in our study. Due to the lack of specific radiological features, SCH might be easily misdiagnosed as another type of tumor. For example, intramedullary SCHs are often diagnosed as ependymomas, hemangioblastomas, or cavernous malformations [3, 4, 11] . Epidural and intradural extramedullary SCHs are almost indistinguishable from other commonly seen tumors, such as neurinomas, neurilemmomas, or meningiomas [2, 5, 7] . However, the fact that meningiomas usually display hypo-or isointensity on T2-weighted images may help differentiating SCH from this type of tumor. However, other neural tumors, such as schwannoma, usually show similar features, so their differentiation is difficult. Cavernous malformations also have similar MR findings with SCH, often presenting with acute symptoms and frequently including thrombosis and perivascular hemosiderin deposits, which result in heterogeneously high and low signal intensities [3, 15] . The identification of draining veins on MR images may help in differentiating the hyper-vascular lesions such as hemangiomas and hemangioblastomas from other non-hypervascular lesions, and angiography could be a useful tool to make this differential diagnosis [11, 16, 18] . In our study, two cases were preoperatively diagnosed as schwannomas, two as hemangioblastomas, and another as ependymoma. The current and previous reports suggest that the most common preoperative misinterpretation of SCH is neurinoma.
Treatment and prognosis
The complete removal of the lesion is currently the best option for management of symptomatic SCH. Due to the high risk of rebleeding and progressive neurological deterioration, early treatment is advisable and usually results in good outcomes due to the benign and well-marginated nature of the tumors [2, 3, 11] . Due to the relatively high vascularity of the lesions, en bloc resection is recommended in the process of dissection. However, the potential for rebleeding or regrowth remains when a complete resection cannot be achieved. Secondary surgery may be required but the patient still benefits from it in case the lesion relapses or the symptoms recur [11] . Radiation therapy has not been used so far, as an alternative, in the existing literature regarding cavernous hemangiomas. Hence, the effects of adjuvant radiosurgery remain to be proven since its long-term benefits are unclear.
Conclusions
SCH is a rare vascular entity with a poorly understood pathogenesis. It is a benign and potentially curable disease and its symptoms are usually associated with progressive myelopathy. Patients who harbor SCH can benefit by the surgical resection of the entire lesion and early treatment may prevent permanent neurological deficits and lead to good long-term clinical results and no recurrent symptoms or lesion relapse. His current research area is the clinical diagnosis and treatment of spinal cord diseases.
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